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(54) REGENERATION SYSTEM FOR EXHAUST GAS PURIFYING APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a regeneration 
system for an exhaust gas purifying apparatus for 
internal combustion engine using a fuel containing fuel 
additives by using an alternately cell-sealed honeycomb 
filter, having a fine cell structure and formed out of a 
porous silicon carbide sintered material having a high 
crack limit and excellent in the strength against heat 
stress, together with a heating means. 
SOLUTION: When an SiC alternately cell-sealed filter 22 
collecting particulates contained in exhaust gas Gin 
discharged from an engine 10 using fuel containing fuel 
additives is regenerated, only a regeneration unit 12-1 is 
operated and other units 1 2-2, 1 2-3 are held in a non- 
operation state. In this case, a heating means 24 is 
turned on by a controller 40 and the rear part on the gas 
outflow die of the SiC filter 22 is throttled and, as a 
result, the particulates accumulated on the filter in the 
regeneration unit 12-1 are incinerated while reacting 
with oxygen. During this period, the exhaust gas Gin is 
purified by the other units 12-2, 12-3. After the regeneration of the regeneration unit 12-1 is 
completed, the remaining regeneration units are successively regenerated in the same way. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]In a reproducing system of an exhaust gas purifying facility characterized by comprising 
the following, Apply fuel containing fuel additive to said internal-combustion engine, and said 
honeycomb filter for exhaust gas purification. It is formed by a porous silicon carbide sintered 
compact, and the number of cells per unit square inch 100 or more pieces, A reproducing system 
of an exhaust gas purifying facility, wherein thickness of a cell wall is a mutual eye closure 
honeycomb filter which has the cellular structure of 0.43 mm or less and said filter heating 
means are either a heater and a glow plug. 

An exhaust gas purifying facility provided with a honeycomb filter for exhaust gas purification 
which catches a particulate which it is arranged all over a flueway of an internal-combustion 
engine, and is contained in exhaust gas. 

A filter heating means for reproducing this exhaust gas purifying facility. 

[Claim 2]A reproducing system of the exhaust gas purifying facility according to claim 1, wherein 
said glow plug is a ceramic glow plug. 

[Claim 3]A reproducing system of the exhaust gas purifying facility according to claim 1 or 2, 
wherein said honeycomb filters for exhaust gas purification are 1 of total cubic displacement 
[ in / in this whole filter product / safd internal— combustion engine ] / four to twice. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]When the fuel containing fuel additive for reducing the particulate in the 
reproducing system of an exhaust gas purifying facility, especially exhaust gas is used for this 
invention as fuel for internal-combustion engines, it is arranged all over the flueway of this 
internal-combustion engine, It is related with the reproducing system of the exhaust gas 
purifying facility which consists of an exhaust gas purifying facility provided with the honeycomb 
filter for exhaust gas purification which catches the particulate contained in said exhaust gas, 
and a filter heating means for reproducing this exhaust gas purifying facility. 
[0002] 

[Description of the Prior Art]In internal-combustion engines, such as a diesel power plant, 
exhaust gas contains a particulate (for example, unburned combustibles of soot or fuel). There 
are many discharges of a particulate [ the diesel power plant which uses gas oil as fuel 
especially, and the direct gasoline-injection engine which is spreading in recent years ]. For this 
reason, it is known to remove a particulate with the exhaust gas purifying facility which is 
arranged all over the flueway of said internal-combustion engine, and is provided with the 
honeycomb filter for exhaust gas purification. 

[0003]Generally, as a honeycomb filter for exhaust gas purification, the cordierite filter 32 of 
honeycomb shape as shown in drawing 1 in a type section figure is used. In the conventional 
cordierite filter 32, two or more exhaust-gas-flow through-holes 33 prolonged in parallel with the 
longitudinal direction are formed, and these circulating holes 33 are closed by turns by the 
sealing member 33a at any 1 end by the side of the gas stream ON and discharge, and form a 
checker (mutual eye closure pattern). 

[0004]As shown in drawing 1 , if the exhaust gas Gin which came out of the diesel power plant 
(not shown) flows into the cordierite filter 32 from the flueway 1 1 , as for a ** exception, the 
particulate contained in exhaust gas on the surface of the cell wall which constitutes the 
exhaust-gas-flow through-hole 33 will be carried out. Subsequently, exhaust gas Gout purified 
by passing through the inside of the cordierite filter 32 is again discharged outside a car through 
the flueway 11. 

[0005]By the way, when the exhaust gas Gin passes the filter 32, it is also known to produce 
pressure loss deltaP. Pressure loss deltaP is expressed with a following formula (1). 
delta P=delta P1 +deltaP2 +deltaP3 +deltaP4 ... (1) 

deltaP 1 : When flowing into the exhaust-gas-flow through-hole 33 from the flueway 1 1 and the 
opening part becomes narrow. Resistance deltaP2 to produce : Resistance deltaP3 produced 
when circulating the exhaust-gas-flow through-hole 33 : Resistance deltaP4 produced when 
passing the wall of the exhaust-gas-flow through-hole 33 : Resistance produced when passing 
the particulate deposited on the surface of the exhaust-gas-flow through-hole 33 [0006]In this 
case, the resistance de!taP1 f deltaP2, and deltaP3 are dependent on the cellular structure of the 
filter 32, respectively, and are constant value deltaPi by time progress, such as particulate 
deposition ("deltaPi +deltaP2+deltaP3" is hereafter called "initial-pressure loss"). For this 
reason, most pressure loss deltaP is determined by the resistance deltaP4 produced when 
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passing the particulate deposited on the cell wall surface, and this resistance deltaP4 usually 
becomes Pi 2 to 3 times the value of initial-pressure loss delta, after the particulate has 
accumulated. 

[0007] Drawing 2 shows the cellular structure of a filter, and the relation between the typical 
specifications of a filter, geometric surface area, and a numerical aperture. Cellular structure Cs 
(mil/cpi) is expressed with the thickness dc (mil = milli inch) of the cell wall over the number Nc 

(cpi =cells per square inch) of cells per square inch. The geometric surface area fs (cm 2 /cm 3 ) is 
expressed with the area (filtration area) through which exhaust gas passes per unit volume. The 
thickness dc of the cell wall is expressed with drawing 2 per mm. 

[0008] Pressure loss deltaP produced in the mutual eye closure honeycomb filter for exhaust gas 
purification becomes so small that the number Nc of cells and the geometric surface area fs of a 
filter are large so that clearly from drawing 2 . The numerical aperture alpha (%) is the rate that 
the effective area product of all the gas stream through-holes occupies to a filter cross-section 
area, and according to drawing 2 . the limit (crack limit) for not producing a crack becomes so 
large that the numerical aperture alpha is small. 

[0009]By the way, flexural strength S* of the mechanical intensity of a filter, i.e., a filter, is 
almost equal to what multiplied the intensity of the filter which consists of porous materials by 
the below-mentioned relative density rho*. When the character of the porous material which 
constitutes a filter is expressed with the density rho and the intensity S, flexural strength S* of 
a filter and relative density rho* are expressed with the following formula (2) and (3). 
rho*= alphaxrho ... (2) 
S***rho*xS ... (3) 

Therefore, flexural strength becomes high, so that the numerical aperture alpha becomes small. 
[0010] Reproduction of an exhaust gas clarifying filter is the following reaction formula (4). 
C+0 2 (CG 2 +Q (quantity of heat) ... (4)) 

Since it comes out, and it is carried out by burning a particulate so that it may be expressed, the 
intensity to the heat stress of this filter becomes important. When a filter consists of a charge of 
a ceramic material especially, the brittle fracture by heat stress is caused and a crack is 
produced. It is easy to generate this crack phenomenon, so that the quantity of heat Q, i.e., the 
particulate alimentation which should burn, generated at the time of reproduction increases. 
Since the unburned combustibles of the fuel in the exhaust gas which constitutes a particulate 
are also organic compounds, they burn with heating of a filter. The crack limit of preventing 
generating of a crack phenomenon is proportional to the numerical aperture alpha so that clearly 
also from drawing 2 , and it is closely related also to the thickness dc of a cell wall, and if it is the 
same numerical aperture alpha, it will become so high that the thickness dc of a cell wall is thick. 

[001 1]Therefore, a crack limit is large, the intensity to heat stress is high, and, as for an exhaust 
gas clarifying filter with the sufficient characteristic, it is preferred that the pressure loss of a 
filter forms with a small material. 

[001 2]In order to control the particulate generated amount in exhaust gas in recent years, for 
example, the fuel which contains fuel additive beforehand, and the device which trickles fuel 
additive into fuel are developed, and the use is increasing. There is an effect of preventing 
generation of soot etc. during combustion of fuel in such fuel additive. 

[001 3] However, even if it uses this fuel additive, in order that particulate generation cannot be 
controlled thoroughly but a particulate may generate in exhaust gas as a result, use of an 
exhaust gas clarifying filter is indispensable too. 
[0014] 

[Problem(s) to be Solved by the Invention]By the way, in conventional technology, the cordierite 
filter is adopted as a mutual eye closure honeycomb filter for exhaust gas purification. However, 
since a cordierite mutual eye closure honeycomb filter had low maximum service temperature, 
there was a problem that a particulate quantity which can be processed by the reproduction 
which is 1 time had a limit. In this case, since big pressure loss arises in a filter by the deposited 
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particulate, the combustor efficiency of an internal-combustion engine falls and fuel consumption 
gets worse. 

[0015]Then, the art which reproduces an exhaust gas purifying facility is proposed by burning 
from the former the particulate deposited on the cordierite filter by the filter heating means. 
However, when burning at once a lot of particulates deposited on this filter, change of big 
pressure loss is produced depending on the heat transfer efficiency of a filter heating means, and 
displeasure is brought to a driver. 

[001 6] Pressure loss deltaP (mmAq) produced when drawing 3 uses a cordierite filter as a mutual 
eye closure honeycomb filter for exhaust gas purification, and temperature T in this filter (it is 
the experimental data in which (C) was shown in time t (min).) Among drawing 3 , by the case 
where the fuel containing fuel additive is burned, numerals Po will begin to decrease bordering on 
time particulate deposition to be, if the temperature T rises with the rise of an engine speed 
value (engine load). Namely, temperature To =380 (particulate combustion is started near C and 
reproduction of a filter is performed.) 

[0017]On the other hand, by the case where the numerals Pn burn the fuel which does not 
contain fuel additive, even if the temperature T rises with the rise of an engine speed value 
(engine load), in proportion to particulate deposition, the pressure loss Pn of a honeycomb filter 
also goes up continuously. For this reason, combustion of the fuel containing fuel additive differs 
and is temperature Tn =380 (particulate combustion near C is not performed.). When using the 
fuel which does not contain fuel additive, generally a particulate combustion start temperature is 
Tn =630 (it is near C). 

[0018]For this reason, as a means to decrease the pressure loss produced in the mutual eye 
closure honeycomb filter for exhaust gas purification, With reference to drawing 2 , the value of 
setting up cellular structure Cs of a cordierite filter finely Nc (cpi), i.e., the number of cells per 
unit square inch, is set up greatly, and it is possible to set up the value of the thickness dc (mil) 
of a cell wall small. 

[001 9] However, there is a limit in making the cellular structure fine from a strong point over the 
original heat stress of cordierite in the conventional cordierite mutual eye closure honeycomb 
filter. For example, although the number Nc (cpi) of cells per unit square inch can also 
manufacture the thing exceeding 100 pieces in a cordierite honeycomb filter, When the cordierite 
mutual eye closure honeycomb filter which can burn efficiently a lot of particulates deposited on 
the cell wall is manufactured, The thickness dc of the cell wall was unable for the number Nc 
(cpi) of cells to exceed 100 pieces, and to form the cellular structure of less than 17 mil (= 0.43 
mm) from the problem of a crack limit. 

[0020]In addition, when it is going to burn the deposited particulate only with exhaust gas 
temperature, in the city run which uses low speed running abundantly. Since it may not go up to 
the temperature which needs exhaust gas temperature for particulate combustion, the 
inconvenience that the cordierite mutual eye closure honeycomb filter for exhaust gas 
purification is thoroughly unreproducible arises. 

[0021]Under the situation where it mentioned above, when the fuel containing fuel additive is 
used for the purpose of this invention as fuel for internal-combustion engines, By using the 
honeycomb filter for exhaust gas purification which consists of a porous-silicon-carbide sintered 
body excellent in intensity [ as opposed to / can set it as the fine cellular structure, and a crack 
limit is high, and / heat stress ] together with this filter heating means, It is arranged all over the 
flueway of an internal-combustion engine, and change of the pressure loss at the time of filter 
regeneration can be controlled small, and let the reproducing system of the exhaust gas purifying 
facility which enables reproduction of a filter also by the run state in which exhaust gas 

temperature does not rise easily be an offer plug. 

[0022] 

[Means for Solving the Problem]An exhaust gas purifying facility provided with a honeycomb 
filter for exhaust gas purification which catches a particulate which this invention is arranged all 
over a flueway of an internal-combustion engine, and is contained in exhaust gas in order to 
solve this technical problem, In a reproducing system of an exhaust gas purifying facility which 
consists of a filter heating means for reproducing this exhaust gas purifying facility, Apply fuel 
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containing fuel additive to said internal-combustion engine, and said honeycomb filter for exhaust 
gas purification, It is formed by a porous silicon carbide sintered compact, the numbers of cells 
per unit square inch are 100 or more pieces and a mutual eye closure honeycomb filter in which 
thickness of a cell wall has the cellular structure of 0.43 mm or less, and it is characterized by 
said filter heating means being either a heater and a glow plug. 

[0023]In a good example of this invention, a ceramic glow plug is used as a glow plug. 
[0024]In other good examples of this invention, honeycomb filters for exhaust gas purification are 
1 of total cubic displacement [ in / in this whole filter product / said internal-combustion 
engine ] / four to twice. 

[0025]In this invention, since it is the mutual eye closure SiC honeycomb filter formed by a 
porous silicon carbide sintered compact, compared with the conventional cordierite filter, its 
crack limit is high, and since a honeycomb filter for exhaust gas purification is excellent in 
intensity to heat stress, filter endurance is high [ a honeycomb filter ]. The number of cells per 
unit square inch a mutual eye closure SiC honeycomb filter 1 00 or more pieces, Since thickness 
of a cell wall has the cellular structure below 0.43 mm (=1 7 mil) and can make it fine compared 
with the conventional cordierite filter, pressure loss can be reduced and improvement in fuel 
consumption can be aimed at. 

[0026]In a reproducing system of this invention, since a heater or a glow plug as a heating 
method of a SiC honeycomb filter for exhaust gas purification is arranged ahead of this filter 
within an exhaust gas purifying facility, Even when even a level which needs temperature of 
exhaust gas for particulate combustion does not go up an urban area during a run at a low speed, 
by heating a heater by this heating method, a particulate can be burned and reproduction of a 
filter can be attained thoroughly. 

[0027]When using a glow plug, compared with use of a heater, an exhaust gas purifying facility 
can be made space-saving, and power consumption can be reduced. As a glow plug, there are a 
metal glow plug and a ceramic glow plug, for example. A ceramic glow plug has short time to 
reach to prescribed temperature with heating compared with a metal glow plug, and can make 
SACHIRETO temperature high. And compared with a metal glow plug, power consumption ends 
small, and endurance of a ceramic glow plug is also high. Therefore, reproduction of a more 
efficient filter is realizable by use of a ceramic glow plug compared with use of a heater and a 
metal glow plug. 

[0028]In this invention, since the whole honeycomb filter product for exhaust gas purification is 
dependent on total cubic displacement of an internal-combustion engine, the whole above- 
mentioned product is set up 1 of total cubic displacement / four to twice. When the whole filter 
product is less than 1/4 time of total cubic displacement, sufficient filtration area cannot be 
secured, but pressure loss becomes large, and aggravation of fuel consumption becomes 
remarkable. On the other hand, it is difficult to arrange an exhaust gas purifying facility 
containing a filter all over a flueway, if a whole product exceeds the twice of total cubic 
displacement, Since the stage to acquire temperature with a refreshable filter for thermal 
capacity becoming large, delaying a reaction to exhaust gas temperature, and burning a 
particulate will be missed, it is not desirable. 
[0029] 

[Embodiment of the Invention] Hereafter, the embodiment of this invention is described in detail 
with reference to drawings. Drawing 4 shows a first embodiment of the reproducing system of 
the exhaust gas purifying facility adopted as the diesel engine automobile. The reproducing 
system of the example of a graphic display is a system for reproducing the exhaust gas purifying 
facility 20 which purifies the exhaust gas discharged from the diesel power plant 10 using gas oil 
containing an additive agent, It consists of three reproduction unit 12 -1,12-2 installed by 
branching in the middle of the flueway 11 from the engine 10, and 12-3. The exhaust gas 
purifying facility 20 in which each unit was provided with the honeycomb filter 22 for exhaust gas 
purification which consists of a porous silicon carbide sintered compact (SiC) which supported 
the catalyst for exhaust gas purification, It consists of the heating method 24 arranged ahead of 
the gas stream ON side edge of this SiC filter 22 in order to heat this SiC filter 22, and the flow 
control valve 26 arranged to the effluence-of^-gas side of the SiC filter 22. A reproducing system 
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is provided with the control unit 40 which controls the electric power and the flow control valve 
26 which are supplied to the heating method 24. It is connected to the mounted battery 28 and 
the control unit 40 controls independently the heating method 24 and the flow control valve 26. 
[0030] Pressure loss [ in / in the control unit 40 / engine speed value Ne (rpm) and the exhaust 
gas purifying facility 20 ] (the measured value of the temperature T in P (mmAq) and the exhaust 
gas purifying facility 20 with the input part 42 inputted.) CPU(central processing unit) 44 which 
carries out data processing of the output signal from the input part 42 in order to control 
operation of the heating method 24 and the flow control valve 26, It consists of the heating 
method **** control section 46 which operates the heating method 24 based on the arithmetic 
processing result of CPU44, and the outputting part 48 which extracts the flow control valve 26 
and operates a position (refer to the position of the valve element 26a of the reproduction unit 
12-1 of drawing 5 ). 

[0031] As shown in drawing 5 . the heating method 24 is a spiral resistance heating heater 
arranged by predetermined ****** from the gas stream ON side edge of the SiC filter 22. If it 
lets the exhaust gas from the engine 10 pass when the shape of the heater 24 is not limited to a 
whorl and has been arranged ahead of the SiC filter 22 F the thing of any shape can be used for it. 
Although the kind in particular of heater is not limited, a sheath heater etc. can be used, for 
example. 

[0032]Here, the honeycomb filter 22 for exhaust gas purification is explained in detail. Drawing 5 
is a type section figure showing the first reproduction unit 12-1 among reproduction unit 12- 
1,12-of three exhaust gas purifying facilities 2, and 12-3. As shown in drawing 5 , the honeycomb 
filter 22 for exhaust gas purification consists of a porous-silicon-carbide (SiC) sintered compact 
of honeycomb structure. Two or more exhaust-gas-flow through-holes 23 prolonged in parallel 
with the longitudinal direction are formed in this SiC honeycomb filter 22, eye closure of the any 
1 end by the side of the gas stream ON and discharge is carried out by turns by the sealing 
member 23a of a porous silicon carbide sintered compact, and these circulating holes 23 form a 
checker. That is, the honeycomb filter 22 for exhaust gas purification which consists of a 
porous-silicon-carbide sintered body is a SiC mutual eye closure honeycomb filter which has 
that of the cell wall thickness dc by the gas stream ON side edge and a gas discharge side edge 
(refer to drawing 6 ). 

[0033]If the fuel containing fuel additive is used, as mentioned above, the detrimental constituent 
contained in exhaust gas will decrease, but it is not removed thoroughly. Therefore, it is 
preferred to make the wall surface of the exhaust-gasHlow through-hole 23 support the catalyst 
for exhaust gas purification, and to remove these detrimental constituents. As a catalyst for 
exhaust gas purification, publicly known various catalysts can be used conventionally. The SiC 
mutual eye closure honeycomb filter 22 is closely held in the casing of an exhaust gas purifying 
facility via the thermal insulation 23b provided in the peripheral face. 

[0034]The SiC mutual eye closure honeycomb filter 22 in connection with this invention consists 
of a porous silicon carbide sintered compact of the honeycomb structure in which the number 
Nc of cells per unit square inch has 100 or more pieces, and the cell wall thickness dc has 
cellular structure Cs below 0.43 mm (= 17 mil). Specifically as a numerical value of more 
desirable cellular structure Cs (mil/cpi), Cs =14/200, 12/200, 12/300, etc. are mentioned. 
[0035]A second embodiment of the reproducing system of the exhaust gas purifying facility 
adopted as the diesel engine automobile has the same structure as a first embodiment except 
using the glow plug 34 as shown in drawing 7 instead of a resistance heating heater as the 
heating method 24. As the glow plug 34, there are two sorts of plugs as shown in drawing 7 (a) 
and 7 (b). Drawing 7 (a) is the ceramic glow plug 34a using the conductive ceramic 35 attached 
at the tip of a plug as a heating unit, and generates heat by energizing to the conductive ceramic 
35. Drawi ng 7 (b) is the metal glow plug 34b using the exothermic coil 36 attached at the tip of a 
plug as a heating unit, and generates heat by energizing to the exothermic coil 36. 
[0036] drawing 8 — the ceramic glow plug 34a and the metal glow plug 34b — it is the 
characteristic figure which compared each characteristic. In this case, SACHIRETO temperature 
shows the temperature in the state where the skin temperature of the glow plug was saturated 
again in the speed to which the heating unit skin temperature at the tip of a plug goes up quick 
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warming, i.e., the temperature which can burn at a stable temperature. 

[0037]In the ceramic glow plug 34a, the tip surface temperature is 800 (in the metal glow plug 
34b, it is 5.5 seconds to time to reach C being 3.5 seconds.) as quick warming so that clearly 
from drawing 8 . The ceramic glow plug 34a of SACHIRETO temperature is 1 100 (the metal glow 
plug 34b is 900 (as low as C) to being C). Power consumption becomes high with 55W by the 
metal glow plug 34b to the ceramic glow plug 34a being 36W. And when the life as the glow plug 
34 is also converted into mileage, it is about 100,000 km in the metal glow plug 34b to the 
ceramic glow plug 34a being not less than about 200,000 km. 

[0038]Therefore, when the ceramic glow plug 34a is compared with the metal glow plug 34b, the 
glow plug used as a heating method of a filter has the effective ceramic glow plug 34a compared 
with the metal glow plug 34b. 

[0039]An operation of the embodiment of this invention is explained with reference to drawing 4 
and 5 here. Although explained using the ceramic glow plug 34b as the heating method 24, even if 
it uses a heater and a metal glow plug, the same operation effect is obtained. 
[0040]The exhaust gas Gin discharged from the diesel power plant 10 using gas oil containing 
fuel additive, If it flows into the SiC mutual eye closure honeycomb filter 22 where the amount of 
PAKYU rates contained in exhaust gas for use of this fuel additive is reduced, the particulate 
contained in exhaust gas will be filtered on the surface of the exhaust— gas-flow through-hole 23. 
Thereby, exhaust gas Gout purified by passing through the inside of the SiC mutual eye closure 
honeycomb filter 22 is again discharged outside a car via the flueway 1 1. 

[0041] However, if a diesel power plant is operated over a long time, the particulate contained in 
exhaust gas will accumulate on the internal surface of each circulating hole 23 gradually. For this 
reason, it is required during operation of a diesel power plant to reproduce an exhaust gas 
purifying facility by heating the SiC honeycomb filter 22 for every specified time elapse. 
[0042]Since there are each three flow control valves 26 of reproducing system 12-1,12-2 and 
12-3 in the non-operating state which was open for free passage in the corresponding filter 22 
during vehicle running, If it lets the exhaust gas Gin pass to the exhaust gas purifying facility 22, 
the particulate contained in this exhaust gas Gin will be filtered with the SiC honeycomb filter 22, 
and will accumulate gradually on the internal surface of the communicating hole 23 in this filter 
22. 

[0043]If a particulate is caught only the specified quantity, it will become difficult for the exhaust 
gas Gin to pass through the circulating hole 23, and the temperature of purge 20 inside will rise 
rapidly. If the temperature of purge 20 inside reaches a predetermined value in connection with 
this rise in heat, a particulate will react to the oxygen contained in the exhaust gas Gin, and will 
be incinerated. However, in the city run which uses low speed running abundantly, even the level 
which needs the temperature of exhaust gas for particulate combustion may not go up. 
[0044]So, in the reproducing system concerning this invention, if caught over time a particulate 
to be, only the reproduction unit 12-1 will be operated among three reproduction unit 12 -1,12-2 
and 12-3, and other reproduction unit 12-2,12-3 will maintain a non-operating state. Namely, by 
the instructions from the control unit 40, turn ON the ceramic glow plug 34a via the circuit R1, 
and this heats the gas stream ON side side of the SiC honeycomb filter 22, and. The flow of the 
exhaust gas which operated the valve element 26a of the flow control valve 26 with the signal V 
from the outputting part 48, and passed this filter in the back by the side of the effluence of gas 
of the SiC honeycomb filter 22 is extracted. For this reason, within the reproduction unit 12-1, 
the exhaust gas Gin heated by the ceramic glow plug 34a passes through the inside of the SiC 
honeycomb filter 22 gently, The particulate caught by the SiC honeycomb filter 22 in the 
meantime reacts to the oxygen contained in exhaust gas, and is incinerated. 
[0045]Exhaust gas is purified by the reproduction unit 12-2,12-3 [ remaining ], while controlling 
only the ceramic glow plug 34b and the flow control valve 26 by the control unit 40 and 
reproducing the SiC honeycomb filter 22 in the reproduction unit 12-1. 

[0046]The reproduction unit 12-2,12-3 [ remaining ] is reproduced by the same method as the 
above by the instructions from the control unit 40 one by one after the end of reproduction of 
the reproduction unit 12-1, respectively. Therefore, since reproduction of reproduction unit 12- 
1,12-2 and 12-3 is separately performed one by one during a run of vehicles, it compares, when 
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suspending operation of vehicles and reproducing these reproduction units, and is far 
economical. 

[0047]Next, the effect by having supported the oxidation catalyst to the wall surface of the 
exhaust-gas-flow through-hole 23 in the SiC honeycomb filter 22 is explained in detail. 
[0048] Drawing 9 is a chart which shows a time period until the predetermined pressure loss by 
the existence of an oxidation catalyst arises as a catalyst for exhaust gas purification in an 
exhaust gas purifying facility. The regeneration period of the SiC filter 22 in pressure loss 
3000mmAq which produces drawing 9 (a) when the 40-g particulate from which the diesel bus 
provided with the exhaust gas purifying facility which does not have an oxidation catalyst serves 
as a rule of thumb of a reproduction start by the case where usual carries out low speed running 
of the urban area is caught is 2 hours. On the other hand, the regeneration period on the basis of 
pressure loss 3000mmAq in the case where the exhaust gas purifying facility for which it has an 
oxidation catalyst is used for drawing 9 (b) and (c), In low speed running, such as an urban area 
as shown in drawing 9 (b). it is 4 hours, and is 8 hours in high speed operation, such as the 
suburbs and a toll road, as shown in drawing 9 (c). 

[0049]Since the operation cycle of a reproducing system can be made late at the time of a run 
of vehicles when making the wall surface of the exhaust-gas-flow through-hole 23 in the SiC 
filter 22 support an oxidation catalyst so that clearly from these charts, It is effective in raising 
the endurance of the ceramic glow plug 34a and the flow control valve 26. As for the running 
mode of vehicles, a low speed and since [ being high-speed ] it is intermingled, it is usually 
desirable to carry out every 3 to 4 hours so that clearly [ the operation start cycle of a 
reproducing system ] from drawing 9 (b) and (c). 

[0050]Pressure loss accompanying the time progress at the time of drawing 10 raising the 
temperature T of exhaust gas gradually using gas oil containing fuel additive (change of P is 
shown as compared with the SiC mutual eye closure honeycomb filter used for the exhaust gas 
purifying facility of this invention, and the conventional cordierite mutual eye closure honeycomb 
filter.) In this case, the curve Pc shows change of the pressure loss in the conventional 
cordierite mutual eye closure honeycomb filter which has 17/100 of cellular structure Cs 
(mil/cpi), The curve P1, P2, and P3 show change of the pressure loss in the SiC mutual eye 
closure honeycomb filter which has cellular structure Cs (mil/cpi) of 17/100, 14/200, and 
1 2/300, respectively. 

[0051]First, the same cellular structure as the SiC filter concerning this invention compares the 
conventional cordierite filter. If specified quantity prehension of the particulate contained in 
exhaust gas is carried out with this filter in the conventional cordierite filter, as the curve Pc of 
drawing 10 shows. Change of the pressure loss by particulate catching included in exhaust gas is 
about 380 (exhaust gas temperature Tc of C, i.e., pressure loss of 1750 or more mmAq, (it will be 
in an equilibrium situation by P.)). If even a predetermined level raises specified time elapse of 
after, and exhaust gas temperature Tc by an equilibrium situation and a particulate is burned, 
pressure loss will decrease greatly. The big change Pc of this pressure loss brings about a 
feeling unpleasant at the time of operation. Since pressure loss will carry out a rapid decrease 
with particulate rapid combustion if a driver breaks in an accelerator pedal and raises exhaust 
gas temperature T especially, engine rotation will go up in the situation which a driver does not 
expect. 

[0052]In the SiC mutual eye closure honeycomb filter concerning this invention which has the 
same cellular structure as a cordierite filter. When a particulate is caught to the same quantity 
as a cordierite filter with this filter, as the curve P1 of drawing 1 0 shows, change of pressure 
loss is about 380 (the exhaust gas temperature T1 of C, i.e., pressure loss of 1250mmAq, (it will 
be in an equilibrium situation by P.)). Even if the exhaust gas temperature T1 is raised by the 
same method as the case of said cordierite filter to a predetermined level and it burns a 
particulate, change of pressure loss is small and does not bring about a feeling unpleasant at the 
time of operation. 

[0053] Next, change of the pressure loss at the time of catching the particulate of the same 
quantity, when the cellular structure of a SiC filter is changed into 1 7/100 to 14/200 or 12/300 
is about 380 (being exhaust gas temperature [ of C ] T pressure loss of about 950 mmAq(s) or 
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700mmAq (it will be in an equilibrium situation by P.)). That is, the value of an equilibrium 
pressure power loss becomes low, and change of pressure loss becomes small as cell wall 
thickness becomes thin and the number of cells increases. 

[0054]The value of an equilibrium pressure power loss becomes small as a particulate quantity 
caught when change of pressure loss was in an equilibrium situation is the same also in any of 
the above-mentioned filter and the cellular structure of a filter becomes fine so that clearly from 
drawing 10 . If exhaust gas temperature is raised and a particulate is burned, in all the above- 
mentioned filters, pressure loss will return to an identical level mostly within the same 
processing time. Change of pressure loss becomes small as the level of pressure loss becomes 
low. In order to raise fuel consumption from these things, it is preferred to use the filter which 
has the pressure loss of a low as a honeycomb filter for exhaust gas purification. 
[0055] Drawing 11 shows the pore-size distribution in the cell wall in the SiC fitter concerning a 
conventional cordierite filter and this invention. In this case, the solid line A corresponds to the 
cell wall of a SiC filter, and the dashed dotted line B corresponds to the cell wall of the 
conventional cordierite filter. A cordierite filter has a peak of abundance in two places with a 
side small [ a pore diameter ] and large, and a SiC filter has a sharp peak single as abundance so 
that clearly from drawing 1 1 . This shows that it is the structure of having the pore-size 
distribution which is not uniform to a SiC filter being the structure of having an almost uniform 
pore diameter. 

[0056]The internal structure of the cell wall in a SiC filter is shown in drawing 1 2 (a), and the 
internal structure of the cell wall in the conventional cordierite filter is shown in drawing 1 2 (b). 
The stoma h which has an almost uniform pore diameter is mutually open for free passage within 
the cell wall of a SiC filter, and tends to let fluids, such as exhaust gas, pass so that clearly from 
drawing 1 3 (a). In the conventional cordierite filter, as shown in drawing 13 (b). while the stoma h 
which has various pore diameters is mutually open for free passage within a cell wall, the stoma 
he smaller than that of a diameter dimension exists independently in it. 

[0057]The formula (1) (it contributes to the fall of P3 and is an initial-pressure loss (Pi is made 
small.) at all the rates of flow Va) which the stoma which was mutually open for free passage 
within this cell wall mentioned above in the state where the particulate has not accumulated yet 
on a cell wall in the case of the conventional cordierite mutual eye closure honeycomb filter 
However, the particulate contained in this exhaust gas as exhaust gas passes through the inside 
of this filter gradually, By depositing on the surface portion of this cell wall in which the stoma 
which has a big pore diameter near the surface of a cell wall exists intensively, although the 
stoma which has a comparatively small pore diameter near the surface of a cell wall by that of a 
wrap contributes to the fall of pressure loss, this surface portion, Passage of the exhaust gas of 
a stoma portion with a big path covered by the particulate is barred, and pressure loss increases 
rapidly. 

[0058]On the other hand, in the case of the SiC mutual eye closure honeycomb filter concerning 
this invention which has the same cellular structure as a cordierite filter, it is an initial-pressure 
loss (Pi is equivalent to a cordierite filter.), however, since the particulate contained in this 
exhaust gas accumulates uniformly over the whole surface of a cell wall when the size of the 
stoma which carried out the mutual free passage in the cell wall lets exhaust gas pass in this 
filter, since pore-size distribution is [ about 1 law ] uniform, The rapid increase [ as / in a 
cordierite filter ] in pressure loss is not produced. The value of pressure loss also becomes lower 
than the thing of a cordierite filter. 

[0059]In one side, 33 mm and length to drawing 1 3 at 150 mm. The initial-pressure loss in the 
SiC mutual eye closure honeycomb filter which has cellular structure Cs (mil/cpi) of 17/100, 
14/200, or 12/300 (Pi (mmAq) and 20 (a relation with the exhaust air rate of flow Va (m/sec) in 
the temperature of C is shown.)) An initial-pressure loss is proportional to the exhaust air rate 
of flow supplied to a filter so that clearly from drawing 13 . It falls as the value of an initial- 
pressure loss has the large number of cells and cell wall thickness becomes thin. Passage of the 
exhaust air in a filter becomes still easier as the value of an initial-pressure loss will become low, 
if it puts in another way. This is applied to the result shown in drawing 10 . That is, change of 
pressure loss becomes small as the value of an initial-pressure loss becomes low. 
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[0060]The diameter of this filter at the time of catching the particulate contained in exhaust gas 
at drawing 14 with the SiC mutual eye closure honeycomb filter which has 14/200 of cellular 
structure Cs (mil/cpi) (pressure loss (progress of time shows the influence which it has on P.)) 
In this case, the curve P4 is a filter diameter (when it is 144 mm, the curve P5 is a filter 
diameter (when it is 1 65 mm, the curve P6 is a filter diameter (the case where it is 190 mm is 
shown.))). If the capacity of a filter becomes large so that clearly from drawing 14 , pressure loss 
and its change can be made small. 

[0061]As mentioned above, the whole filter product is decided by total cubic displacement of the 
internal-combustion engine to be used. In this invention, when the cellular structure of a filter is 
the same, it is preferred to set up the whole filter product 1 of the total cubic displacement of 
an internal-combustion engine / four to twice. It is pressure loss (P becomes large too much and 
aggravation of fuel consumption is remarkable.) so that clearly from drawing 1 4, when a whole 
product is less than 1/4 time of total cubic displacement. On the other hand, if a whole product 
exceeds the twice of total cubic displacement, pressure loss can be made small, but the whole 
exhaust gas purifying facility product containing a filter becomes large too much, and this device 
cannot be arranged in the flueway of an internal-combustion engine. 

[0062] Dra wing 15 is a graph which shows the relation between the oxygen density (%) in the 
exhaust gas for making recycling rate of this filter after prehension not less than 80% with a SiC 
mutual eye closure honeycomb filter for the particulate of the specified quantity (10 g/L), and 
particulate combustion temperature (**). In this case, a SiC filter has cellular structure Cs 
(mil/cpi) =14/200, It is resurgent gas which has various oxygen densities as a substitute of 
exhaust gas 150 (it is the temperature of C, and it introduces at the 2.5 m/sec rate of flow, and 
the recycling rate of the filter by particulate combustion is investigated.) Here, recycling rate is 
the ratio x100 to the filter weight before resurgent gas introduction of the filter weight after 
resurgent gas introduction (%). 

[0063]In drawing 15 , the slash field of the curve a is the particulate deposited on the SiC filter at 
the time of using gas oil containing fuel additive for a diesel power plant a field more than 80 (%), 
and the recycling rate of the filter at the time of burning by the glow plug 34 the slash field of 
the curve b, The recycling rate of the filter at the time of burning with a heater the particulate 
deposited on the SiC filter at the time of using for a diesel power plant only the gas oil which 
does not contain fuel additive is a field more than 80 (%). 

[0064]In order to attain the rate of SiC filter regeneration of not less than 80% when using only 
gas oil like conventional technology so that clearly from the curve b of drawing 15, Since not less 
than at least 15% is needed and a particulate is burned, the oxygen density in exhaust gas is a 
filter by a heater About 650 (it is necessary to heat more than C) On the other hand, in [ so that 
clearly from the curve a of drawing 1 5 ] this invention, Since gas oil containing fuel additive is 
used, in order to attain the rate of SiC filter regeneration of not less than 80%, Particulate 
combustion temperature is at least 150 (what is necessary is just C, and it is enough, if the 
oxygen density in exhaust gas is also compared with the curve b by use of a glow plug or a 
heater and heats a filter at a remarkable low temperature also with the low value of 3%.). 
[0065]Since a filter can be used with the conventional size according to the embodiment shown 
in drawing 4 , without increasing the volume of a filter, especially the reproducing system of the 
exhaust gas purifying facility of the example of a graphic display is effective in vehicles with big 
displacement, for example, the bus of a 12-1. class, and a track. However, although the branching 
structure which consists of three reproduction units explained the example of a graphic display, 
they may be the branching structure which arranged two reproduction units in parallel between 
the flueways 11 as shown in drawing 1 6 (a), and the structure where an independent 
reproduction unit intervenes between the flueways 11 as shown in drawing 1 6 (b). 
[0066]The dichotomy structure of drawing 1 6 (a) is used for the track of a 7-1 class, for 
example, and control of the reproducing system can be performed by the same method as the 
trifurcation structure mentioned above. Namely, by controlling each flow control valve 26 and 
glow plug 34 by the instructions from a control unit (not shown), While while opened the flow 
control valve 26 wide and the filter in a reproduction unit purifies exhaust gas, the filter in the 
reproduction unit of another side which closed the flow control valve 26 is heated by the glow 
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plug 34, and this filter is reproduced. 

[0067]The independent structure of drawing 16 (b) is used for the passenger car of a 3~l. class, 
for example, and control of the reproducing system is performed only in ON of the glow plug 34, 
and OFF, without using a flow control valve, since it is the structure where purification and 
reproduction of exhaust gas are performed simultaneously. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1]It is a type section figure which illustrates the conventional mutual eye closure 
cordierite honeycomb filter for exhaust gas purification. 

[Drawing 2] It is a graph which shows the cellular structure of a filter, and the relation between 
typical specifications, geometric surface area, and a numerical aperture. 

[Drawing 3] It is the graph which showed the pressure loss produced when the existence of fuel 
additive is taken into consideration in the conventional mutual eye closure cordierite honeycomb 
filter for exhaust gas purification with the temperature in this filter, and the function of time. 
[ Drawing 4] It is a block diagram showing a first embodiment of the reproducing system of the 
exhaust gas purifying facility of this invention. 

[ Drawing 5] It is an important section sectional view of the reproducing system of this invention 
shown in drawing 4. 

[Drawing 6] (a) is a perspective view showing the SiC mutual eye closure honeycomb filter for 
exhaust gas purification of this invention, (b) is a partial front view of the SiC mutual eye closure 
honeycomb filter shown in drawing 6 (a). 

[ Drawing 7] (a) is a diagram shown in the partial section of the ceramic glow plug used as a 
heating method, (b) is a diagram shown in the partial section of the metal glow plug used as a 
heating method. 

[Drawing 8 ]It is the characteristic figure which compared the characteristic of a ceramic glow 
plug and each metal glow plug. 

[Drawing 9] It is a chart which shows a time period until a specified pressure loss arises by the 
existence of the catalyst for exhaust gas purification in an exhaust gas purifying facility. 
[ Drawing 10]l t is the graph which compared the pressure loss produced in the SiC mutual eye 
closure honeycomb filter at the time of using gas oil containing fuel additive with the pressure 
loss produced in a cordierite mutual eye closure filter. 

[ Drawin g 11]It is a graph which shows the pore-size distribution in the cell wall in the SiC filter 
concerning a conventional cordierite filter and this invention. 

[Drawing 12] (a) is a type section figure showing the internal structure of the cell wall in the SiC 
filter concerning this invention, (b) is a type section figure showing the internal structure of the 
cell wall in the conventional cordierite filter. 

[Drawing 13] It is a graph which shows the relation of the initial-pressure loss and the exhaust air 
rate of flow in a SiC mutual eye closure honeycomb filter. 

[Drawing 14] It is a graph which shows the influence which it has on the pressure loss of the 
diameter phi of the SiC mutual eye closure honeycomb filter at the time of using fuel additive 
content gas oil. 

[Drawing 15] It is a graph which shows the relation between the oxygen density in the exhaust 
gas of an attaining [ compare this invention with conventional technology and ]-rate of filter 
regeneration of not less than 80% sake, and particulate combustion temperature. 
[Drawing 16] (a) is a mimetic diagram showing another embodiment of the reproducing system 
concerning this invention, (b) is a mimetic diagram showing other embodiments of the 
reproducing system concerning this invention. 
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[Description of Notations] 
11 Flueway 

20 Exhaust gas purifying facility 

22 SiC mutual eye closure honeycomb filter 

23 Exhaust-gas-flow through-hole 
23a Sealing member 

23b Thermal insulation 

24 Heating method 
34a Ceramic glow plug 
34b Metal glow plug 

32 Cordierite mutual eye closure honeycomb filter 

33 Exhaust-gasHlow through-hole 
33a Sealing member 

35 Conductive ceramic 

36 Exothermic coil 
40 Control unit 
42 Input part 

44 CPU 

46 Heater motion-control part 
48 Outputting part 



[Translation done.] 
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S0<o-fe;WRNc (c P i) tf>fc£*&<K£-r$fc#fc:, 
dc (mil) <7)fiS:/h$ <ig^-T4C: kii^ 

[0 0 19] LfrLtc-ifib. S^03-y'i5^f h3S 

fflz.it. h>\—*iJ±y 4 )V9X' 

(i. meT^r-O-f-SO^-fe^HRNc (cpi) AU 0 011 

iwf ^ ^ a i/- h *%)mmzmmzitz> z t tfx'% 
s^-yi^ h3mBm±^-*j±y 4 juyzsm-f 

4*&, ^5*y^RR»<0RIH*»^, «Nc (cpi) 
AUOOfflSrlSi, -fc/P«<?5ff§ dc#l 7 mil ( = 
0 . 4 3mm) *St<J0-fe;UflBt * 4 <I {2^F">m 

[002 0] Jd^T. ttmL^tx-f^Al^-hSrPM 

4, 

[0021] ±Mtt:mLTx\ *m$coBmi. mm 
mnMz&tt&m^ftmmmnmmk txm^z 
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RK. M*»*-fe/H«aKR^f h £ i: . 9 7 >y ? 

s. 

[0022] 

xmm^-#j»7 4)v?* RtitfrntixmcMM. 
x. mmmmmizmAmffliittt-f&imzmm 

#1 0 OfflULt. -fc;HfcOff*#0. 4 3mm£TF«b 

[0023] ^EOffaiWfciSVvCli. f*75/t 

[0024] *mi<7M<?>1&mMlZ3S\^T . WJR^f^* 

jHK»n^(t£^^S<0 1 /A~~1feX' 
[0025] «6WKtJ^T, #l^#XiM:ffl^-#A 

^h7^M IZ&KX < , mib-K iztt 

-thmmzmi&cDx\ ? 4 )v?nx i &t>m^. ttzm 

<^-fe;HRj&* 1 0 OfflULb, -t/UMOff^O . 4 3 mm 
( = 17 mil) WTWr/MfilSrWU «*»3-y'i 
5 A Y 7 4 )V? IZ&KXfflfr <~thZ\b tfXZ I cr>X\ 

mfi&ik$:mtxim<vm±iM& -r t & . 

[ 0 0 2 6 ] ifc, #fgBJ!WW£^XxA£;fc^Tl4. 

»m^x«Mtfflsic^^^7 4>v?<r>mm&WLh lx 
cot-?* tite^w&'jyzmfwxmmmfox^ 
4)v?<Dmmz®M?£<nx\ mmmasDSx^tf^iz 

$ffij} xcol&Wfi^ ^r- 4 * * V— V (nm&z-xmts; ls< 
^4T±»L«rv^«^-et, frfrhtm^mzi. o b- 
?&tnmi-&Zbtz£V^ J r4**u-h*m&Z J £& 
Z b #T-# , 7 4 ;l^tf>H£S:&£fc:3iJic-*-4 i t WX 

[0027] t-^Oflgffl 



K>m%.&jg£x°m-t&mm&M< . -r^u-bi&mzTS 

t>*V\ fife o "T, 39*89=3:7 b- 

77 yeimmtz x o sesM-s ; t & . 

[0028] *HBfl^fe^T. #EM#X«MLffl^-#A 

t\ ±M&&tm£mm%M.cr> i /A—i^zwc&'fh . 

< *o-r wat^wb^* t < . -77. 
»«o2fg^jS^st . 7 4)v?*<kmm*f*mm. 

TtZK^xtimtfxis&iztt^&fcmzmmzitx^ 

r 4 **\s-h£M&Zlt2>tt<Q7 4 >\s?comi*im 
[0029] 

ISi*tfflv*5T * — t^xyy'v i o*^Ptfl$ii^Sf 

mtfxzmttz>#mtfxmvmw2 o &B*-r*fc«> 

co^Xx^T. xyy>i Ofr6<9#f$H31»l l<0Jft«# 
fc:4Htt LT SKSiut 3 fEc^Si^-- v M 2 - 1 , 1 
2-2, 1 ^--/Mi, 
^M«*iaftL^^TL«MbIi*Mite#: (SIC) J; 

v%&m%tiz.mm^-*j±7 4 iv? 2 2 £#u*:i# 

%tixm\L%iW.2 0k. Z\C0S i C 7 a )V9 2 2 SrJaSft 
■r&fcft(CSS iC7^;^22 «77'XSAffllJSQ®OHf| 
TTtBES Ltztm&m. 24 t. S 1 C 7 -f )V9 22<nfj 
^SKffiffll(=5I«LfeaJIWaS#2 6i:*»t*4. 

2 6 tWH-{ ^ y h o-;ujl- v h 4 0 * 
3>hn-)]s3L->yh4 0lZ&m<D^-y"rV2 

[00 30] 3ybn-/^ 7 >4 0(i. xyy>@ 

e ( r p m ) . UmtfxmtmW.2 0 tfcHtSJEE 
73»^(P (mmAq) N ffif^tfxmtmW. 2 0 P^^aS 
*T<0MSiB*«A*5*i4 A**4 2 fc . Juj»^a2 4 
J;l>'?jfi*iiS#2 6 <o»#*IW1IH-4fc»fc:>Jj9{4 

2 a^ffi#<i#£28jr»$- ^ c p u ( ^^m^a 
mm.) 44t. cpu44 xcoMM.mimmzm~j\ ^x 

JI»K2 4 §-tirl> »n^S»§*JPg|54 6 i: . 
SUBBS#2 6 SROfflM (H5coB±i--y M 2- 
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1 <7>##:2 6 a<7){2B#B§) IZMftZ 4 8 k 

[003 1] 05 tC^-f J: 0 to®&&2 4(4. S i 
C7^^2 2cO^XMAffliJ«W*^F^OStr B 1^-C@e 

comm. <mz izm%.zti& i>cot%<^ sic?^ 

)V9 2 2com^zWMLt^M. xyyy l OfrL>coffi% 
tfx i mt i> cot httii . v> h &Wcr> i>cr>i,i&m-t 

zzttfTzz. srfc. t~-?cr>mmamzvmzti% 

V^7>\ Mitt i/-Xt-?¥£fflV^C t*^s s . 
[0 0 3 2] #Em#X?f<ft:ffl^-#A7 -t )V9 

2 2.*%$mzwm-h. @5(4, 3m%m*rx$H\M 

i«S4a-7M2-l, 12-2, 12-3CDo*> 
f&-oB±J-- -y M 2 - 1 ^^L^m^BrBHT'S) 
-6 . H 5 tc^t 4 3 tc. SBt^iWtfflvN^ 4 

^ 2 2(4. > ^mmco^Knmmm (sio« 

SftiOiiri. *»j&»4S i CJ\-#J»y 4)V9 2 2\Z 

(4. ^^os^s-mfciTffnaEtjfiaaft^s^xieiiTL 

2 3 ftT tJ 0 . £*l fcSBI?L2 3 X«[ 

fltf>ff.it*W2 3 at^fcBS±Sfrti|J8f««*J8 

*fxmm^-*j*y * )v? 2 2(4, tix$LkWim& 
£v#xmtimmrQ-t)vmM.i$ dc s i c 

[0033] «8a^**^s«8*^-t$ 1 . 

#M#xSSI?L 2 3 «rtiSIl:»M^Mffl«lJ 
mtfxfrftfflfcfe&t LT(i. 

ffl-*-* 4. S i C&2BJM^-#A 

7 4 /P? 2 2(4. *^WB®tcRttfc»rJ)M* 2 3 b 2:^- 

[0034] S i C^SaJtib-N-tf 

10 0 fflliLb. -fe^/P^. dc #0 . 4 3mm ( = 1 7 m 

1 i ) txrco&vm&c s £w-r&;N-#.Mf5a?)^7L 

(mil/cpi) SO^ffltLT. flAlfttte. Cs =14/ 

2 0 0. 1 2/2 0 0. 1 2/3 0 0%Z&Wfti>tL 

LT&mmt-?<0ttfry)iz&7iZ7r;-f 4 a^rWRr 

6. J fift7 , '7/3 4i: LT(4. H7 (a) £±#7 
(b) tStj;^ J :2lW5mi), 07 (a) 
(4. T-^^ftSBtKOWt/SWtt-fe^ S v 9 3 5 £JP 



SWtt* 757^35 fcltt8 i t (C 4 0 

4£. 07 (b) (4. 77/5fc»teJR'5tfWt:3iS?fe 
3-f;U3 6SrjD»^i: UfflHSigM7 7/3 4 b 

-rs. 

[00 36] ifc, 08(4. -t7$7;f»7'7/34 
atiitfilW^ /34b -?-iim<7)«ttSrJ:b®L 

aaSBfifctf-htfiate*, 4fc, ^P-bSS(4^ 

[0037] 083&^BJ^^4o(C 
•fe^5»y^mT5/3 4aKtJV^T(4. ^<D5te«flffi 
8 0 0 (C ^ffil36<3 . D(C 

Wl. tM77/3 4bt(i, 5. 5#T*&. If 
f-U- bffiK(4. t7S7;W57'34a!!)''l 1 0 
0(CfJ)SO(3*tLT. &JBH ; 1&7 , 5/3 4b#9 0 
0(Ct»\ 4£. M*«^l(4. *7S7?fl75 
/ 3 4 a 3 6 WT» £> tf)K*f L . &m^&7* 7/ 3 4 
bT-(45 5Wfci§<^5. Lfrk. ^i&7°7/34t L 

7^34a^ifi2 07?KmUJLh-C'fc4cO(;^LT. ^JS 
fi7'7 /34b T-\m 1 0 77 k mT* S . 
[0038]^T, t7S7?fi77/34atlfe 

?StLTffflt^fI77/(i, Mf»77/3 4 
b ClJt^T *7i7? f»75/ 3 4a jfflSJt* -5 . 
[0039] i iT-04 , 5 ^#BgLT*^B^H]5feB 
W^fffflilJiBW*. 3nB. JD#ft¥S2 4tfC. t7 
S 7m77/34bS:fflHTS!trW < t-?fc 
J: VAU^HftT" 7 fflv i"C fc |H|«*fPffl«i*3&»ffl. ^ix 

So 

[0040] »4^JnSiJSr^-r-g.|gM^ffl^^T -f - 
t>xyy/i 0*»4>»aj§<t4WSJWf^Gin*. MM 

^22 tcSKA^i i: , ffSWr^4»C*4*L*^^ -f * a 
1^- h ^SWT^SBITL 2 3 OftMTiFifiS ^4 . iii 
S i C3£SSW±^-#A7-r/t^2 2l*|£ji 
aLTSMkSiutfiKJl^Gout (4. Stf. Sf^iifiSl 

[0041 ] x-f — fef/UX^^'y?:^ 

# a h ^#»Ea?L 2 3 «ortMBi£ft* . 

rt(c. S iC^>r.^A7^;^2 2Sr7Jlg?ft-f-S<rfcK 

[0042] *PUtff «f » 3ocOB^>-XxA 1 2 - 
1 , 12-2, 1 2 - 3C03-S1M#2 6 (4WJSEt-4 



!(6) 000-1 67329 (P2000-167329A) 



xg i n mm^xmmm. 2 2 mt%.#* 

Gin+te^ift&^^xU'— i C^^*A7 
^;U^2 2tiF3a§ix, 1^7^^^2 2^3131712 3 

^#XGin#}}1BI?L2 3^3i3S-r?»^^fflll^ 
0. ^l^«2 0rtg|5OSS^S}S[^±#-r2». Cl^fl 
S±#WfV\ vf-ftSI«2 0|*lg|?^i ; ajg^'Hlf^ffi^3* 
-T £ i: . ->*f ^ j. h ifi%m#X G in fc#^T£ 

- h oMMt^^i^nt -e±# t & v ^ 1 t>'j> & . 

[0 0 44] ^Wc^B^vX^A-?^, 
> tf- 4 a i>- h $ HftSI o T SUES tit t , 
3oiOB4a-7H2-l, 12-2, 12-3 <r>o 

mtn. n^~y h 1 2 — i <o»*iw^s-fr. m 
<^s*^-- 7M 2-2, 12-3 itimtt*mzm& 

tc4->T, 0SSR1 ^Lt-fe5$7?fl!i77/3 4 
a^ONtcU ititCtOS i CJ\—#J*y<(fo?2 2 

ft^Vt;4 98UtSB8#2 6tf)#flc2 6 a£i&^$-ttT 

s i c'\-#j>7 4ji>? 2 2<r>*fxms&m<r)®:-)ix°m.y 

fcL- «y M 2 — 1 [*rT't±. *7?7? 1177^ 3 4 
ate J: OJlflRSilfcWSS^Ginsys i CA~^A7^ 
;^2 2rt*«H > *»tcji3iL,, icolBIts i c^\— *A 

7^/^22 tcaffistifcy^T 1 ^ai^-^, &awr 

xte^W£ix&i£S£KJELTMiP£*i&. 

[0045] ay ha— /V.x-.y t-4 0te4 D-fe^i v 
?fm7?734bi$£V : mSMm#2 6<7)frZmfflL 
XW±^---/hl 2 - lftCDS 1 CA^A7-f/^2 
2*B£-f.&l8L f^lilO^)Sii-7M 2- 
2, 1 2-3te4-?T*M;S:fl&. 

[0046] B*J-->/ M 2 - 1 (OB^Tfts SO 
coB^x- >y M 2 — 2 , 12 - 3 £^*l-?iaJI?£=i y 
hn-;^7h4 0*^^(:i 0±IBi:|S|«cO73 
ffiTB^^-*. i^T. ^W<^fif*teW£-X- -y h 1 
2-1, 12-2, 1 2-3<0W££ffl*te«I&fi : 5<7) 

-$-S*£teJtU tt4*»te«»rWC&4. 
[0047]<Xfc, S i C/U*A7 -f/k?2 2te*5V> 
T ««^X8B1?L 2 3 <3rt£3HB£SMUMK£IItt L*: 

[ 0 0 4 8 ] 09 14, »^Xi!MI«te8fr**WUr 



Lfc^teit&JE^S&SO 0 OmmAqfcfcWS 
iC7-f;^22 COB ±Jf»ll4 2 B$[1]T"£>& . vL*UC*f 
U H9 ( b ) . ( c ) (4. UMbftfctt^^TtSSISWf^ 
*M^B£fflV^*§-£T\ EM*3 0 0 0mmAq& 
WtliZLlzmumte* 09 (b) tcSTTid^Tpffiffls 

*^«a[3effrtt, 4mr$Tfo*), 09 <c> c^-r 

[0049] Ztit><OJ-*-bfrt>mt>i)*%:J:oiz. S 
iC7-r;^22 tefc ft h ttSUf *aBI?L 2 3 cordis* 

>y ? 7/34afcj; tfS*SHB# 2 6 <F> WAtt £ 
{4, a«ffiatJJ:W5jaoaffit^:t)<0T*4fe«). s 

^i/x^^mmmmt. 09(b), u)*t> 
wt>fr%£oiz, 3-4 ^mmz-r h ; t a*s* l . 
[ o o 5 o ] in i 014, mmmm\*<k^thim*®. 
m L-zumtfAnnmT iz±^^m^mmu 

JifcifPd BE*«*( P<0SWk* , *«W<^KWf^«Ml: 

LT^-T. ft«Pc{41 7/1 0 0<0-fe/Wfl| 

3tC s (mi 1/cpi) Jtt4fi!3lW)3-i;x?>f 

2r^L, ft*Pl, P2i>4t>"P3{4, ZtlWin/ 
1 0 0, 1 4/2 0 0fc4t>*l 2/3 0 0<0-fc;H«tC 
s (mi 1/cpi) Sr*-tl»S i C3SBifjb'>-* 
A7 -f^^Kfc(tS£E*«^^i!l2:^. 
[005 1 ] 4i\ figsfeon— 5^x9-< h7-fyP^Sr* 

fBHHtffi* SiC7-f/^i n—*/vtmvimt& . 

HI OOffl^PcT^idt, SBcWf** 

mtm 3 8 0 (c <?)Sf»^ jMCT c , -r^-^*> 175 

OmmAqjaJi^JEE?Jia^(PT^F«^®^S. ^* 

««raije>»iBBJitt, iMxasTc stBt^ok 
< . zcoj±jim&cr>*;*> %$mp c 

[0 0 5 2] 3-y*x5-f V? 4)V?t H— c0-tr;Pfll3a 
fc«Tt*3WBfc«4 S i C3cSSW±^-^A7 ^ /V 

9>f b7^/^kRt*4-diKK-^ftt, HlOiOil 
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p l TtttX d tz , EJM9k0y$Btotm 3 8 0 ( c am 
T 1 . -t 1 2 5 0 mm A q<7)J±7J»fc 
( P -C^FWRJBfcSr * . MIE^ — h7 4 >V?a) 
m-Sb ^JSTW^MT 1 ZpfifeUOVt? 

[0053]3CC. SiC7^^-k^flBBSl7/ 
100^14/200 ttlit 1 2/3 0 0 CXifc* 
£\ H— ««vtr SrMJE LfcRW)JEE*a* 
^3a»{i»3 8 0 (COfMltf .XjMrTC. f!)950m 
mAq4ftli700mmAq Offi73«£: ( P tWS 

[00 54] Hi O^BH^j&^Sridfc:, JE^jSbfe^e 

0)Ali±M7 4 iVfOWft^ZHWt^n—X'. 7 4lV 
-t*£flW»$-fr4 ±IS7 AJVfV-tKXlZ&WXm 

-mmm^Tm^m^mmm-v-ovix-m^ . $ 
it&tubizii^ tim#xmtm^-tiJ±7 4 iv? t lx 

mi/K/VC0E33mz$:&t& 7 4 )V9*m\\&<7)tim2. 

[00 5 5] HI li±. fl!3fw>=7->?x54 h7^/l^ 
eilf+«Wfc:«*s i C7 ^/i^tfew-i-feyidtt+co 

*fLa*fft*r*-. £«tift&. HHSAfiS iC7-fW 
O-fe/HSfcStJ&fSfc*')'?, — j£«tt B izmtco r? - y 

1*»&bj§ ate, a-yx7^f h^/l^JiMfL 
SO* § V Mil i: :* S V ^fflij t CT) 2 WffilZft&mco t°- ? £ 
ITU S i C7-f;^(i«ft LT#— O^-v-Ttir 

MS £ £ Witt'* 4 tf) £*f U 3-^x54 h 7 

4 iv 9 ^-x'^^mmf^^hmmx-h h z. t 

[00 56] S i C 7 4 )V9 IZMfZ -kJV&npl&fflk 
£H1 2 (a) ft*«n-y'i7-f h7^;^ 

t*jft*-fc/wi<ortajflBe*Eii 2(b) (c^-r. hi 

3 (a) ^BB^^ipfc, {3(?%-^rM?LS*fl-r 
SMTLh^'s i C7>r/P:?<^/PffiftT*5WCjiiIU 

^/^CjS^TIl 113 (b) CStiot, m*<T) 
[00 57] fl^coa-^'x 54 h^SSftib'N^.A 



7 4)V9a)i%&^ j*t- 4 Jfal/- haWs/HLht**?* 
» I/O vSr i ^«-C'« s K-fe/P«rtTffi5fc:aSfi L fc* 
TL^Hua:L^ ( l ) co(P 3 0teTt:^-t, ht><® 

saeav a -c*ffl8E^«*( p i <-r & . ta> 

X. m&H/fx*fc&ttiWr i ^x-U-hW. -tJV 

a o cdx\ ^Mtffmme. < x~tt%zm^ %$m.mz * 

[0 0 58] dftklttU n-^'x^ h7 4/W?i:|Hl 
-*A7 4 /P*tf>*£\ M±7lJft£(P i Ii3-y'i 

^•i^-S. - ^ a — h *s-t:;H^I t t>tz -oX&l 
a*S»=SrJEE*libfe^>«KiPt±t=irv^ ffi^M^ 

[00 59] HI 3(3. — iZW«3 3mm. *$*U 5 0 
mint, 17/10 0, 1 4/2 OOifctil 2/3 0 
dtfD-fe/WfltatCs (mi 1/cpi) Sr*-f-^ S i C£ 
SB^±^-^A7>r;W^tj3ltS%3MJEE77S^(P i 

(mmAq) i: 2 0(C<7)?a^-C<?Dxr8SS[Va (m/ 
sec) tcoW^Sr^-To HI 3frt>mt>fr*j:£ ofc. 

wmftm$&±7 4 >v 9 izm& zti& ^rmmzitm-t 

iiJi**— M^lztcZ. . IJilt HI ot^-rtSStcS 

[006 0] Hi 4C, m%fix.\,z^±tLh^ 4 * 
l/-h?rl4/2 0 0O-fe;Pi»iiCs (mi 1/cp 
i ) S i CS5Sit±A-^A7 4 /V?lz£ <9 

mm-hunm? 4 )v?<nw.m<7>m}W&:{vizxm- 
ww*^<rm&x'tF.~t. zcrims, mkPA\t7 4)v 

fWMW 14 4 mmcOf^, ft^P 5 Ii7 4 JV9WM 
Wl 6 5mm^, ft^P 6{i7 ^ )V?W&W \ 9 
0mm<7)fir£-£^\ Hi 4*^HJ^*^J; 

[006 1 ] WsfiLfei o tc. 7 /U^c^#«(iffiffl 
(4. 7 4 )V?<7)*i)VmyktfF\—cr>M-£^ 7 4)V9<rM'fo 

mifHmmm<7imms.cr> 1 /4 - 2stKj&tft<o*» 
tfit^. e««^fiM«ut<oi/4fgf5fe}(iw*&. h 
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y 4 ivfz&tsm^xmtmwnuwm^ < % o 

[0 0 6 2} HI 5te„ J5r£* ( 1 Og/L) OVtf^ 

fJL IS? 4 ;U?<7)R£35£ 8 0 %ijuicc-rs^^s^ 

(%) fc/*r-f*Ap-MW»8aUE 
CC) fc^WffifcjST^:^**. £<7M*3\ SiC 
y 4 /MW&MmtCa (mi 1/cpi) =14/2 

n±#x £ 1 5 o ( c <7)$&g-ea»o 2 . 5 m/ s 

? ijvjrmmnztt-ftvc&x. i oo 

[oo6 3] hi 5iz&^x. mt&aLC7)tmmm$. m 

0 (%> jy±*>ffl«-c* o , iMRboaMWRHKi. jsm 

Srb-rPKJ: 9»WtLjfclR07 4 )V 9 0 
(%) J3LhW«WT»4. 

[0 0 64] HI 5<OfiSb*^HJ/i>*»^j:3C ft* 

1 C7 /I^^H^**aMSi-4/s«>fc:tt. J*§wf*+«o 

mmmm*$-%< t t> 1 5%ti±*^t u 
8650 (cy±tzw&t$>'jmw$>&. ztuznt. 
a. mmmnMZtt't&ifm&m^&nx'. so%m 

=3r - h«0j««jaS6*»^< 1 1 1 5 0 (CTft^tf 

t < fiV^lfltf7 4 >v9 zturniuz+ti-Tfoz. 

[ 0 0 6 5 ] H4{C^LfcSat#JM= cttUf , 7 

4/^Of^£**$tf|>^&<7 4;l^£ft*^1£ 

miHX, 1 2 U >y 9-9 yXco^X s h5>y^ 

awrcKiBLfc3&», h i 6 ( a ) iz^-tx o izm&m 

1 1 Hie 2ffl<Z>B±jL~ -y h SrM^iJtcaa Lfc^HSflBl 
^, 116 (b) i d fcrSM&ilffi l l iafcJmai<o 



[oo66]Hi6 (a) <n-ftmm\±. mm 7 u 

^fflUP-tS i i: lei 0 . 8UUtt#2 6 *M 

itt&m. ffiMSB&t 2 6 ^Wt/,:ffi^S4a- h 
^;P^^i^7°7^'3 4tcJ; OJDSfttTiS^ -f ;P 

[ 0 0 6 7 ] ifcH 1 6 ( b ) «#?A«it(i. Witf, 
[Hffi^®#^giHJ] 

[hi ] mm<r>m%yff^im^KBm±^- i J^7-( 
h^-%j± 7 4 >v9 £ m^-thm^mmmx'h^ . 

[H2] 7^;P^<o-fe;H«fti:, fWW*i«3c. ISM^ 
[H3] ^*coP^X^bffl^5af*±3-xx7-f 

[04] *^HJOp^^X^MI^g£0B*^XirA^ 

-hm®« * ^-r^n vtmx'bh. 

[H5] H4tC^L^*%B^B±^X^A<7)gg|5Bffffl 
HT*S>-I>„ 

[H6 ] ( a ) \t. *%pnmm*fxmtms i c^k 

II1±a-*A7 -f )V9 LtZfflWmX'fo ( b ) 
tt. H6 ( a) tC^L^S i CS;5B$fjb'N-^A7^ 
^^OgK^iEHHt'fcl.. 

[07] ( a) (i. mm&%tbLxm^tz*7$v7^ 
my ? y^-mmx'm-tmmxh s . ( b ) ti . snaft 

[H9 ] m%#xmtmmz&nz>®%iixmm®$& 
[Hi o] «!mifiM**^4e{**ffifflt3t«^o 

S i C3ESBtf±M^A7 4)V9\,z§LlZ>E.-))Wi 
t, 3-^x5^ h^5Stf±7^;^^tS£E7J* 
jfei:*iMSLfc^5 7*C*&. 

[Hi 1] i3^3-y'x7>f b7-f;^i3J:tA**^BH 
fcffiS S i C 7 4 /^tefe{t*-feA«*<^?L«$Mfi£ 
St/7 7T$>S, 

[HI 2] (a)li*HW§SiC7^^|:fc 



!(9) 000-1 67329 (P2000-167329A) 



[0133 S i CMBS±/^i7 oVJ^z&Wh 
[HI 4 ] Mf4^JP^*l§aSrffifflt^^OS i C 

[01 5] *«fflfcflg*K«i:*Jt«U 8 0%JiLt<D 

X'foh. 

[El 6] (a) (4, *^BJ^£S±^X^A<0giJc7) 
HSB^JB*^ Ufc«3«C* * . ( b ) {4. *W8(Cffi 

1 1 msvm 

20 usurxaman 



2 2 S i C3<5S£fib^-#A:7-r;l^ 

23 #bh#*«bi?l 
2 3a m±mt 

2 3b pftM? 

2 4 JPS(1#S 

34a ^7i7?fi77/ 

34 b A* : fJ*7 , 5^ 

32 a—iSx.jJ b-g£.mMiks\—AJ±y 

3 3 WSWxaSWL 
33a #JjhS« 

3 5 Wtt-fe^S-y? 

3 6 %S*3-f;k 

4 0 3yhn-;l/a-7b 
4 2 A^SB 

44 CPU 

4 6 b-?»fftfl»9J 

4 8 til^gK 



[H13 



[02] 




[03] 



17/100 



0. 10 0. IS 0. 20 0. 25 0. 30 0. 35 0. 40 0. 45 0. 50 
M¥ dc(m) 



[HI 1] 




(€. 0) )00-l 67329 (P2000-1 67329A) 




(11) )00-167329 (P2000-167329A) 



3 4000 



[H9] 
(a) 



[010] 



z/V 

0 


A/ 


A/ 


A 


'A/ 


W 



^ 4000 



^ 4000 



12 16 20 24 

HI (h) 




20 24 






(&2) 100-1 67329 (P2000-167329A) 



[014] [015] 




o i 1 1 1 1 1 I 

o so ioo iso 200 2so soo tzibW frtiMHMftlM: (ti) 



[016] 
(a) 





(72)»bs# mm *at 



(72) mm m tt* 



